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, $\mathrm{K}\mathrm{a}\mathrm{n}/\mathrm{S}\mathrm{m}\mathrm{l}[9]$ , Macaulay2 $[1][3]$ , Maple Ore algebra package, Singular [2]




$K$ $n$ Weyl Algebra
$D_{n}=K\langle x_{1}, \cdots, x_{n}, \partial_{1}, \cdots, \partial_{n}\rangle$
, Leibnitz rule . , $2n$
$K[x, \xi]=K[x_{1}, \cdots, x_{n}, \xi_{1}, \cdots, \xi_{n}]$ $D_{n}$ $K$ $\Psi$ $\Psi(x^{\alpha}\xi^{\beta})=$
$x^{\alpha}\partial^{\beta}$ ,
$\Psi(f)\Psi(g)=\Psi(1kn\sum_{k,\ldots,\geq 0}\frac{1}{k_{1}!\cdots k_{n}!}\frac{\partial^{k}f}{\partial\xi^{k}}\frac{\partial^{k}g}{\partial x^{k}})$
$(f, g\in K[X, \xi])$ . Weyl Algebra
, Leibnitz rule . ,
, monomial $\cross \mathrm{p}\mathrm{o}\mathrm{l}\mathrm{y}\mathrm{n}\mathrm{o}\mathrm{m}\mathrm{i}\mathrm{a}\mathrm{l}$ .
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1.2 Asir
Asir ,
$m$ :monomial, $f= \sum f_{j}$ ( $f_{j}$ : monomial) $mf= \sum mf_{j}$
. monomial
$x^{k}D^{l}\cdot x^{a_{D^{b}}}=(x_{1}^{k_{1}}(D_{1}x\iota_{1}a_{1}1)D_{1}^{b_{1}})\cdots(x_{n}^{k_{n}}(D_{n^{n}}^{\iota}x_{n})a_{n}D_{n^{n}}^{b})$
, $D_{i}^{k_{i}}X_{i}^{a_{i}}$ Leibnitz rule
$D_{i}^{l_{i}}X_{i}^{a}i= \sum_{j=0}^{i}j!XiiMin(\iota_{i},a)Da_{i}-jli-j$




Leibnitz rule $f\in K[x, \xi]$ monomial
, monomial $m$ , monomial
1. $D_{i}^{\iota_{i}}xia_{i}$ $\sum_{j=0}^{l_{i}}$ $>{\rm Min}(\iota_{i}, a_{i})$ , $0$
.
2. , monomial , monomial
. .
3. .
, Leibnitz rule , , $m$
$\partial$ . ( , $\mathrm{K}\mathrm{a}\mathrm{n}/_{\mathrm{S}\mathrm{m}}$ ]
. ) , .







$\bullet$ exponent vector, monomial .
, Weyl , – .
.
, .
1.4 Weyl Algebra Buchberger
Buchberger , criteria selection
strategy , Weyl Algebra Buchberger’s criterion (S-
polynomial GCD 1 $\mathrm{S}$-polynomial $0$
) . , ,




$D=D_{n}=K\langle x_{1}, \cdots, x_{n}, \partial_{1}, \cdots, \partial_{n}\rangle(\partial_{i}=\partial/\partial x_{i}),$ $f\in K[x_{1}, \cdots, x_{n}]$
$P(s)fs+1=b_{f}(s)f^{s}$ $P(s)\in D[s]$ $b_{f}(s)\in K[s]$ $f$
(global) $b$-function 1). [5] b-function . ,
$n+1$ Weyl Algebra $D_{n+1}=K\langle t, x_{1}, \cdots, x_{n}, \partial_{t}, \partial_{1}, \cdots, \partial_{n}\rangle$ .
1 $D_{n+1}$ $P= \sum c_{\mu\nu}\alpha\beta t^{\mu}x\partial^{\nu}\alpha\partial^{\beta}t$ ,
$\mathrm{o}\mathrm{r}\mathrm{d}_{F(P)}:=\max$ { $I^{\ovalbox{\tt\small REJECT}}-\mu|$ $\alpha,$ $\beta$ $c_{\mu\nu\alpha\beta}\neq 0$ }
$\hat{\sigma}(P):=\sum_{P\nu-\mu=\mathrm{o}\mathrm{r}\mathrm{d}F()}c\nu\alpha\iota\mu\beta t\mu_{X}\alpha_{\partial\partial}\nu\beta$






$\overline{b}(s)$ , $b(s)$ .
45
3$I=Id(t-y1f, \partial 1+y1(\partial f/\partial x_{1})\partial_{t},$ $\cdots,$ $\partial_{n}+y_{1}(\partial f/\partial x_{n})\partial_{t})$
, $G_{1}$ $I_{1}=I\cap D$ . ,
$Id(\psi(G_{1}))\cap K[s]=Id(b(-s-1))$
[5]
$(Id(\psi(G_{1}))\cap K[x, s])\cap K[s]$
elimination . , local $\mathrm{b}$-function
$(Id(\psi(G1))\cap K[x, s])$ , global $\mathrm{b}$-function
, $K[s]$ . , $Id(\psi(G_{1}))$
, $b(s)$ ,
.
2.2 $\mathbb{Q}$ Weyl Algebra modular
$D$ $\mathbb{Q}$ Weyl Algebra, $J$ $D$ ideal, $P\in D$ $P$ , $J\cap \mathbb{Q}[P]\neq\{0\}$
. , $J\cap \mathbb{Q}[P]=Id(b(P))$ $b(s)$ $D/J$ $P$ $\mathbb{Q}$
. , $b(s)\in \mathbb{Z}[s]$ $\mathbb{Z}$ .
$J$ , $<$ , 1 $G$ , $G$
$\mathbb{Z}_{(p)}=\{a/b|a\in \mathbb{Z}, b\not\in p\mathbb{Z}\}$
$P$ . $\phi_{P}$ $\mathbb{Z}_{(p)}$ $GF(p)$
( $D$ ) .
4 $\phi_{p}(G)$ $Id(\phi_{p}(G))$ $<$ , $\phi_{p}(b(P))\in Id(\phi_{p}(G))$ .
$G$ $\mathrm{S}$-polynomial $G$ $0$ reduction $Z_{(p)}$ .
, $\phi_{P}$ $\phi_{p}(G)$ reduction , $\phi_{p}(G)$ $Id(\phi_{p}(G))$
. . I
$\phi_{p}(b(s))$ $0$ , $\phi_{p}(P)$ $\phi_{p}(D)/Id(\phi_{p}(G))$
$b_{p}(s)$ $b_{p}(s)|\phi_{p}(b(s))$ . $\deg(b_{p}(s))\leq\deg(b(s))$ .
5 $b_{p}(s)$ $\phi_{p}(D)/Id(\phi_{p}(G))$ $\phi_{p}(P)$ , $\deg(f(s))=$
$\deg(b_{p}(S)),$ $f(P)\in Id(G)$ $f\in \mathbb{Z}[s]$ , $f(s)=b(s)$ .
$b(s)|f(s)$ .- $\deg(f(s))=\deg(b_{p}(s))\leq\deg(b(s))$ $b(s)=f(S)$ .
I
46
6Input: $<,$ $<$ $G\subset D$ 1),
$Id(G)\cap \mathbb{Q}[P]\neq\{0\}$ $P\in D$ ( )





$c arrow NF(P^{d}, G)+\sum_{i=0^{C_{i}}}^{d-1}NF(\mathrm{p}i, G)$ (ci
$Carrow$ { $C_{t}(c0,$ $\cdots,$ $c_{d-1})=0|C_{t}$ $c$ monomial }




$P$ , $NF(\phi_{p}(P^{k}), Id(\phi_{p}(G)))$
. $b(s)\in \mathbb{Z}[s]$ $P$ 5 D ,
6 . , $C$ , $P$ – –
. $C$ , $P$ – , Hensel
. [4] .
2.3 ideal b-function
ideal $I\subset D_{n},w\in \mathbb{R}^{n}\backslash \{0\}$ , weight $(-w, w)$ initial ideal $in_{(-w,w)}(I)$ ,
Weyl Algebra ([8] Theorem 1.16). $I$ characteristic
variety $n$ $I$ , [8] Theorem 5.12
$in_{(-w,w)}(I)\cap K[s]=Id(b(s))$
$(s=w_{1}\theta_{1}+\cdots+wn\theta n’\theta i=Xi\partial i)$ $0$ $b(s)$ . $b(s)$ , $I$
(global) $b$-function . , $f$ ,
$I_{f}=Id(t^{-} - f, \partial_{1}+(\partial f/\partial x_{1})\partial_{t},$ $\cdots,$
$\partial_{n}+(\partial f/\partial x_{n})\partial_{t})$
, $I_{f}$ , $t$ If $w=(1,0, \cdots, 0)$
global b-function $B(s)$ , $b_{f}(s)=B(-S-1)$ . , $D/in_{()(I_{f})}-w,w$
47
$t\partial_{t}$ $b_{f}(s)$ . , $in_{()(I_{f})}-w,w$
non-term order , [8]
term order .
2.4
Section 2 , ( 1) , $Id(\psi(G1))\mathrm{n}K[s]$ Section
22 ( 2), Section 23
( 3) . , $b$-function
modular . [5], [10] .
2 $x^{a}+xy^{b-1}+y^{b}$ , , . ,
PentiumIII lGHz . . “-,, ,
. 1
, , 2 , 1
, 2, 3 . , , 3
. , 2 , 3. $in_{(-}w,w$ ) $(I_{f})$
. 3 , 2




$\mathrm{R}\mathrm{i}\mathrm{s}\mathrm{a}/\mathrm{A}\mathrm{S}\mathrm{i}\Gamma$ , Weyl Algebra , b-function




5: [10] (non-isolated singularities)
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